Development of anti-tumor immunity against a non-immunogenic mammary carcinoma through in vivo somatic GM-CSF, IL-2, and HSVtk combination gene therapy.
Gene therapy for cancer using suicide genes such as the herpes simplex virus thymidine kinase gene (HSVtk) has been explored extensively in preclinical and clinical studies. We have improved the use of HSVtk by combining it with two cytokine genes encoding granulocyte/macrophage-colony-stimulating factor (GM-CSF) and interleukin-2 (IL-2), and determined their additive/synergistic effects on tumor regression and inhibition of metastases in the non-immunogenic, spontaneously metastatic mammary tumor model, 4T1. Two adenoviral vectors (AV) were constructed, one carrying HSVtk (AV-TK) and the second (AV-GM/IL2) carrying Gm-CSf and Il2. Only the combination of AV-TK/GCV and AV-GM/IL2 showed a significant decrease in tumor growth and reduction of distant metastases with 25% of the tumors undergoing complete regression. When surgical excision of primary tumors was included in the regimen, local treatment with AV-TK/GCV plus AV-GM/IL2 further enhanced long-term survival. A fraction of the treated mice developed anti-tumor immunity and survived a second challenge with 4T1. Functional analyses demonstrated infiltration of lymphocytes within the tumor and a strong tumor-specific cytotoxic T lymphocyte response in TK- plus cytokine-treated animals. These data indicate that the coexpression of GM-CSF and IL-2 can augment the effect of HSVtk suicide gene therapy.